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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57) In a nonaqueous electrolyte secondary battery such failures as internal shortK:irurting due to dendrite 
including at least negative electrode, a positive elec- generation, is stable, and has a long cycle life, 
trode, and a lithium-ion-conductive nonaqueous electro- 
lyte, a lithium-containing silicon oxide which is 
represented by a composition fomiula LixSiOy where a 
lithium content x and an oxygen content y are restrict«J 
to be in respective ranges of 1 .5 ^ x ^ 4 and 0 < y < 2 is 
used as a negative -electrode active material. It is even 
preferable that the above negative electrode be com- 
bined with a positive electrode having, as a positive- 
electrode active material, a transition metal cxide, par- 
ticularly a lithium-containing metal oxide, selected from 
Co, Ni, Mn, Fe, V, W. Nb. Ti. and the like. 

The potential of the negative-electrode active mate- 
rial is low. i.e.. base, the charge/discharge capacity is 
large in a base potential range of 0 to 1 V with respect 
to metal lithium, and the polarization (internal resist- 
ance) during charge and discharge is small. Therefore, 
there can be obtained a secondary battery which has a 
high voltage and a high energy efficiency, is superior in 
large-cun-ent chraging/dischraging characteristics, and 
has a high charging/discharging efficiency Further, tiie 
secondary battery is highly reliable: that is. it is free of 
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Tpchnicai Field 

This invention relates to a nonaqueous elclrolyle secondary battery using a substance capable of absorbing 
rei SLs as a negative electrode active material and adopting a lithium ion-conducbng nonaqueous elec- 
rSnS Sarly relates to a novel negative electrode active material for allowing provision of a nove I sec- 
oX l^ttS^^^^ m energy density, and an excellent charging^Jischarging property, enjo^ng a 

long cycle IHe. and abounding In reliability. 

Bpriqirotind Art 

In recent vears the prominent advance attained by portable eledronic devices, communication devices, and the 
like a^^rg^ raSeSan^e of these devices in nume«,us and versatile forms. ^S-^l??!^ '^^^^^ 
sTurc^Sto g^erate a large current output. Rom 
^aJJi^Td^iSitn^^andw^^^^^ 

^SSifc^nition The resMirch and development of a nonaqueous elctrolyte secondary battery possess^g 
h?gh^tegeSeS^^^^^ 

'"""^SSeic^ode active materialsfor the secondary bat^^^ 

lo««n?^Ke8 depending on the form of the charge and discharge reactior,. The first '^P^. ^^^J.^^'^J.^"''^ 
=Vm«te^ rhateoa^ides IncludinQ TiS, MoS,. NbSea and the like and metal oxides including MnOj, M0O3. VzOg. 

^''S^ f^^*;2;^^^^^^ or tattice gaps of ayst^s by virtue of the intercalation and deirrteroa- 

^on!2Sons ^e s«onS type cover^h conducting polymer* as polyaniline, polypyrrole, PO'VP^^P^^;^^"^ 
n^JSiy aSow only aSons the ingress and egress stably by virtue of the doping or "-^"A 

graphite intercalation compounds and such conducting polymers as polyaoene and the lite whi* 
S^S^T^mSns and anions theSL and ingress (by virtue of intercalation, deintercalaton. doping, and 

in rX^^ electrode active materials, metallic IHhium. used independently, proves ad^geous in r^ect 
that IcermeSlicrithium has the basest electrodepotential.the^^^^^ 
Swiththepositive electrodes using such poafive electrode active mater«ls»are 

output voltages and high energy densities. The lithium negative electrode, however^ has *«^P«*^^"^ ^Sj^^^J^ 
arowth therwn of dendrites and passive compounds in consequence of charging and discharging Jheretore. inairs 
S dSSSmtion and resuHsTthe shorter cycle life thereof. For the purpose of solving this problem^ -t has been 
oroo^^^^ to use as negative electrode active materials {1 ) alloys of lithium with such other metate as Al Zn^ Sn^ B. 
aX ( Hn^rcalation compounds or insertion compounds having Irthium «ns occluded in the cry^^ s^ctur^or 
the amorphous structures of such inorganic compounds as WO2. MoOg. ^ezOsT'Sz, U^Co^yNiyOa «>1 
g^ran^irbonaceous materials obtained by baking organic malerials. and (3) conduchng^lymers ^^^^ 
J^Xed^cene and polyacetylene ^ 

Generally when a battery is constructed by using as a negative electrode acfive material such a s^^stenc^ other 
than r^eSc ithium as is capable of absorbing and releasing lithium ions as described above, since Je Jecfrode 
Sll^S'Stiveelectr^ea^^^ 

STexhibitlna a fairly lower operating voltage than when metallic lithium alone is used. The operating voltage is Iwered. 

by 0.2 Ts V iS batteL u«nfl alloys of lithium with Al, Zn. Pb. Sn, Bi. or Cd, 0 - 1 V 
^Zwliealation compounds and 0.5 • 1 .5 V in those using such lithium ion insertion compounds as MoOg or WO2. 

Furel^nTel^^S^r^^^^ lithium each constitute a negative elect«x.e fonning component, they markedly 
lower the capacHy and the energy density per volume and per weight »«iri=nr«n< 

When S alloy d lithium with other metal mentioned in (1) above is used, sinc^^^^^ 
litWurduring the course of Charging and discharging, the battery constructed with this al^ 
SlihS a era* from repeated cydes of charging and discharging and ultimately breaking and offering only a short cycle 
rTen^Sm iTercaladS; compound or insertion compound mer^ned in (2) '^-^'^^/j;^^^^^^^ 
fers such deteriorations as disintegration of the crystal structure thereof 

due to excessive charging and discharging, and further since the cornpound «<h.bite ^J^^^^^jj^f ^^'^^"^^^^^ 
tial in many cases, the battery constructed with this compound is at a disadvantage m offering only « oujMit voftage. 
VVhen a oiiducting polymer mentioned in (3) above is used, the problem arises t^^ 

chaining particularly per unit volume is small. 
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To Droduce a secondary battery exhibiting high voltage and high energy density, excelling in charging and discharg- 

"^Te^lZZ^^rs acqured a Knowledge lhat a silicon odde cont^ning iithium represented by tt,e 
Formerly, me e^em imentors aoqu ^ « expressions. 0 s x and 0 < y < 2). is capable of 

tSr^^^nSjT^e^e ofo - 3 V based on the Irthium standard (metallic lithium) electrode, possesses a rnark- 
a result. 

Dlfidosure q< <he Invention 

The Dresent invention perfected based on the knowledge mentioned above, contemplates using as a negaft/e 
elecISe X nSSto'rrbattery of the kind under discussion a substance capable of absort,mg and releasing rth- 
I1:S ltMr^sed Of a iLm^nt^-^n^ 

wherein the lithium content x and the oxygen content y respectively satsly the expressions, 1.5 s x ^ * < V <J- 
SSv a composite oxide, i.e. an oxide of silicon containing lithium in the crystal structure or the amorphous stf uc- 
ture S^ng Sl^ to occlude and release Whium ions through elect««hemical reactions in a ^^^^^^^^ 
tZt^lS^g a wnvosition such that the ratio, x. of the number of lithium atoms to the number of sj'oon ato^ 
nX^nSand^ot^ere than 4.0 a™^ 

isCerS. 0 aSsJSller than 2. The lithium in this composite oxide is preferred, though not ^ways required, to be 
"'rrol'nXrethodsca^ 

the Whium-containing silicon oxide, U^iO, (wherein x and y respectively satisfy the expressions 1 .5 a x s 4 and 0 < y 
^ 9\ In h« iisBd as the neoative electrode active material in the battery of this invention. 

^•T?e?,^me^^Sr^ a cTposite oxide of silicon and Irthium by mixing each simple substance or cornpound 
of siZ^rZatTpredetermin'Smotar ratio and. subseque^^^ 

ture either inanon-oxidizing atmosphere such as an inert atmosphere oravacuum or in an atmosphere having the oxy 
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«en ccent thereof so adjusted as to <^ ^^.^SJ^Z^X^^T^^"^^ 
compounds of silicon and lithium to be used ^^^^^^^^'^^^^^Zi^ which produce the respectK/e 
or hydroddes. or carbonates or nrtrates or other ^'^'^^f**,^ "^'^^^ured these materials, var- 
oxld« when heat-treated in a "^-^f '"^ 
ious methods are available besides the methoddd-rertl^y^^^^^ 

as. for example, a method wNch compnses solving or dispersing ^^J^^^^ ^ ga^h other, and subse- 
l,Um.mWng the resultam solution thoroughlyther^^u^^^ 

quent^ dr/^ the resu«ant reactic^ ^2Li:i^S.Sil^ °^ ^"^'"^ 

heating or means of electromagnet wave or light and ^'^'^^^y* toTduring the mixture of 

the Jtoms or ions. The temperature of the "^^^^^l^^^^^"* J* a^^e^^eoLsl? not tower than 

therawmateriateasdescnl^edaboveispreferredtobenatlc^^^ 

600-C. though variable w»h the W«tedra«^mater,a^8 ar^ the^^^^ theTemperature of the heat 

treatment. When the heat P«So"^^^^^^ materials poss«.y ^eWs 

treatment is preferred to be in the range of 600 - 800 ^ «N^raTOn w temperature exceeding 800»C. 

to adisproportionating reaction and generates s.l«on and tetravalent ^^^ JJ^f;'"^ t^^^ 

Jec»mt.natU,,,so.Jeseraw^^^^^^^^^ 
UOH. lithium salts Nke LiaCOa and UNO3 and the to. and siO. (wherein y satisfies 

are used as a lithium source and when simple '^^^^^'^ resp'ect that permte the 

the expression o < / < 2) are used as a SS^re or in such an atmosphere as a 

-crsrarnr:rg:s=^^^ 

the lithium compound for the 

allowed to persist partly in the product atter the or a compound thereof and sil- 

attained in the product is embraced P^ff rubriium or the like, an alkaline 
icon oracompoundthered together wrthother^telim^^^^^ 

s^ra^rsruK^St^^r^^^^^ 

Ss in be atoned. The --sten^thus a^in«i is^so ^ 

The lithium-containing silicon oxide ^^'"^^^^s^described ate»^ J ^.^^ 

,,«ter«a erther directly or after being odionallysubied^ o s^^^^ 
enlargement or grarwlation. in the same manner as m ttie sec^^ 

trochemical reaction dthe f '"'"t^tl'^S^IiSf I J^^^ 

rSlrm^raX^r^:~^ 
. nre2r::;x2Lsaiithium^^^^^^^^^^ 

silicon oxide SOyOontaning no lithium(where.nysatefi^^^^^^^^ 

silicon oxide SiO, to an eledrochemical reaction with ''"^'"'^^^^^ oxide SiO, such oxides d 

,a«er silicon oxid^e SiO, to occlude lithium lons^Js "[^^^ /^^^^.JiJ^^^^^^^ 
stoiohiomdric compositions as SiOi.5(S.203yaOm^^^ 

taining nonstoichiometric composibons sabsfy^ng the '«^"''J^*™^ indicated below. They are (1) a 

The iLer silicon oxide SiO, can be P^^^^^^'^^S sf^T^ pS^r^^^^^^ «fio and heating the 
mdhod which comprises mixing silicon dioxide SiOz f comprises heating silicon dioxide 

resuKam mature inanon-o^d^i^^^ 

SiOa in a reducing gas such as fvdrogen H2 ^ JJf ^ heating the resultant mixture until a pre- 

which comprises mixing silicon dioxide S1O2 Si with oxygen gas or an oxide 

determined amount thered is reduced j4) a me*c^ ^^'^'SlT^CVO n.^^^ comprises sub- 

sr^srrossrsij^^^^ 
*'-reKrrs;rred^~^^^^^^^ 

and rubidium, alkaline earth metals such as '^^^^^ copper, zinc, 

elements such as iron, nickel, cdiatt. manganese. plS)horu8 and the like 

tin lead aluminum, indium, bismuth, gallium. gem«nium. cartwn. boron, nitrogen, and pnospno 
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together with silicon. This incorpomton d the addtional elements is embraced in this '"vention. 

a battery after the assembly of the battery or inside or outside Ihe battery while the battery » .n ttie process of manu 
factura SpecHically. it is can-ied out as follows. 

(1) An electrochemical cell is constructed by molding In a predetermined ""J^^^^ ZX 

Uiereof with a conducting agent and a binding agent thereby preparing one electrode (working 

JSSSreledSBCaLL electrode) wfth metallic W^^^^ 

a^an W^«trinterp<i^ lithium ion^nducting nonaqueous electrolyte. A proper eledrK cun^t 
«S^h ireSTe^iS cell in a direction for the working electrode to generate a cathode reaction 

^■T^nJriJSro^SS^Iusion of litWum ions in the tower silicon o»de. A no^ous^e^o^e sec- 

rndarrbatte^isconstrudedbydire 

rASat: fcl^rXmSraT^^^ sh^ k«,er ..icon ox«e or a njjure 

^ti S^L cSS*g ag^?rn7a binding agent and then contact superposing elemental liNum or a Irth^um 

TZ^ ^^ JS<^^l^BrgZ^o effect electrochemical ocxiusion of lithium into the lower s'lK^on o»de_ 

S SdTSe material. When this battery is put to use and charged, the Irthium ions released from the 
positive electrode thereof are occluded in the tower silicon oxide. 

Tot^lSiha^^VtoS^^^^^ 

'■'TSeC'TeSSe acth,e materials, when a transition metal oxide such as IVlnOa. M0O3. V,03 or me J« 
whicS no lilTbLre the assemdy of a battery and is en^ed ^ "ntair^hium^d^^^^^^^ e^jraft j 

IS orSj^on of the battery or during the course of production thereof is used for « P<»'»~« ^If**^^' 'V' P'JS^^ 
S^S^S to u^ as a negative dectrode actwe material a lithium-containing silicon oxide bxSiOy having a lithium 
^T^SSno^f 2 sx ^4 in view of the fact that this combination permits production of a nonaque- 

SSiSfclSeTto be con^li so that the lithium content x per mol of Mn or V may fall In the range of Os x s 
'Sfg lT?rsS.« S cteSng and discharging. The «nge of 0 . x . 0.8 proves f^^^^^,"^^ 
eS.^ the deterioration due to the repeated Charging and dis*arging«s^^^ 

MnOa which is obtained by heat-treating MnO^ at a temperature in «he «nge d MO '"^^S^^^^ 
elimination of water from the structure is used to advantage as a pos*ve electrode active material because exnions 

^r^r^ttru^HnS'e^ 

tion a^aTacfrve material In combination with a positive electrode which uses as an active matenal a ^ fj' 
ScSeoSlTepresemedbyacompositional^ 
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^ rv. Mi Mn Fa V W Nb. and Ti. L stands for at least one element selectol 
ment selected from the group con^st.ngdC^N.MnJF^ expressions, 0 < a ^ 1.15. 

from the group cons'««"9 of B & P Mg ^^^^^l^^Zcei.ii^^^^e-^'^ '"^^"^TZ?^ 
0.8 a b + c a 1 .3 . 0 a c. and 1 .7 a d s ^ 5^ai^ . density, excels in charging-d.scharg- 

bination allocs production of a ^^^.-^fl^-So^^S^* a^excessive discharging, and offering a 

ing characteristics, incuts only small deterioraton due J^.^^^^^Jl ^ siO having a Irthlum content x satisfying 

,M « a ^«l«=™in«. '«'S7'rSS?nSrr7riS^ When™ ««des ., o.«en.o»».lnin» 

heating, cooling, pulverizing, and mixing synthesis mentioned above has a 

in the compositional formula U.TbLcOd. though the W'"'^^^^ and permits a proportion in the range 

constant ratioT=1as the standard, ittoleratesamr*^ 

of 0 < a a 1 .15 to be attained by mear« -J Son J^s mentioned above. Co. Ni, and Mn are 

preferred to be Co. Ni. Fe, Mn, T.. or ^'^^^^l^'^^J^^^^ dischaiBing characteristics. The content c of 
ivorableparticularly in the sense that theye,*^^^^^ 

L wWch is selected from the group consisting crf B^^^^^ 

content d of oxygen are preferred to satisfy * '^^^^ (internal resistance) during the course of 

thereof at a temperature in the -anfle o« ^OJ^OJ «J^„rS J battery to incur only small deteriorations including a 
asalt of lithiuin with manganese dioxide atatemperauretntt^^^^^ 

teSery proves advantageous in the sense that rt J« f j^^'^,^^^ a l5S«nSning manganese oxide rep- 

The charging and discharging <*«^^?;S'*rerrraXd^^^^^ 0 ax a 4 and 1 a y a 3) is 

resented by the composKional formula W^^!"'^^^^^^ oxides obtained as described 

used as a positive electrode active nate.^ among ^,e and deteriorate when the lithium 

abwe. Since the manganese oxide tends tiJ form an 'ff**'®™^"^ . gjhantageous to regulate In advance tiie 
Zint X thereof exceeds 3, though variaWe ^J^^^^J iSSlints In the electrodes during the 

rs^rr.yr^r^^^^^ 
.aoTu?s.rF:Ksr^^^^ 

a mixture of two or more organic sol^«nts such as r-butyrdarto^^^ 1,2-dimethoxy ethane, tetra- 

cart)onata dmethyl carbonate, diethyl cart,onate^^^^^ 

hydrofuran. dioxolan. and dimethyl formamrie and ''^;fP°J'^^^^ ^lyethylene oxide or cross-linked polyphosp- 
the lithium salt mentioned above with such a P'^'y'"^^ ~f P^^J^t^e wh^^^^ lithium ion-conducting nonaqueous 
hazene, or an inorganic solid electrolyte such as L-sN Ul and the ^^J^^^ LiCFgSOa solved in a mixed sol- 
electrolytes. An organic liquid electrolyte ^^^'^^^J^^Si^.^aie.o, butylene carbonate and 
vent consisting of a cyclic alkyi <=art>on«e such as pro^^^ „^ particularly 

r::rcrser^«^^ 
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ium content x and the oxygen content y respectively '^^^ i^nS^ooduded in and released from the 
4 and 0 < y < 2 in acco«tence with this inventon P^"^^^*'^: '^^^^ nonaqueous electrdyte and. 

oxide U,Sia mentioned above in consequence of the «=*^*'9;"f 

:S:fore^direase8 the Po-ari-tjon «J mar J^^^^^ „^,,,e decode and the 

ties. Further. Since thfenegatn^elecwde^^^ 

current collector or the occurrence of an ineversiMe ^ fr«ersil)irrty) and precludes the occurrence of 
•rt attans the repetition of ch^/^^^. ^.'^If^friSuSS ST-S^T^ eJLoiyte secondary batery which. 

^"eSirr:SHr:ro^« 

^"lCt™e.thepo.arizat.nis^U^^^^^^ 

charging is high particularly when the Irthium content « '^J^'^J J^, produced nonaqueous electrolyte 
oxide hU this lithium content is "^f^^^^^^^^^ partteularly in the charging and 

ssrsrrxrest:^^^^^ 

Rri ^f Descr irt'*:^" 1^*? Drawings 

Fig. 1 isan explanatory diagrami.lustra.^goneexar^^^^^ 
ation of the performance of a negative electrode ^'^^^^ j^f ^^^^.^^^^^^^ active material according to 

ing and discharging characteristics exhibrted ^J^^^^^^^^^ aJK^htging cyde chamcteristics of a neg- 
th^ invention. Fig. 3 is an ^^^-^^^^l 'TrSSS Fio^ ^J^anatory Si^ram Hluslrating the intermrttent 
ative electrode active material according ^ «™sjnv^^ J ^ .^^^ Fig. 5 is an 

Charging and discharging of a negative electrode active 

explanatory diagram illustrating the ^'^'"^^'^^^ tf Mmm illustrating one example of the construcfion of a 
material according to this invention Fig. 6 is ^^^^^^^^^^^^ the charging and discharging character- 

battery embodying this invention. Rg. 7 is an !^«"«^2u mT^^^ Jositive electrode and having a molar ratio 
isticsofabatteryaccordingtothteinvertjonua^^^^^^ 

of Irthiumto a. Li/Si s 4. in a nega ive e'«*rode. Rgji « an exp^ and having a molar ratio of lithium to 

ing Characteristics of a battery using .^^^^j^^^^^^'di^^^^^^ the charging and dischai^ir^ cha«c- 
Si. U/Si > 4. in a negative electrode. F g. 9 is an ^^^^^^^^^ j„ ^ 03,^^6 electrode and having a molar 

.eristics of a battery according to this "^^at^ "T^Kn^rtory diagram illustrating the charging and 
ratio of lithium to Si. Li/Si s 4. in a negative el«J^e^.^^^^^^^ 

discharging characteristics of a ''a't^^y "^^.^^^an^^^^^^^ ^ discharging 
ium to Si. U/Si > 4. in a negabve electrode. Fig. 1 1 s an "^L^^girtng transition metal oxide in a positive 

characteristcs of a battery a«or Wo this 1^^^^^ nta^Se. and Fig. 12 is an exr-anatory 

electrode and having a molar ratio d Irthium to L^® - of abatlery using a lithium-containing transition metal 
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^^1^ «i o toet rAii to be u&ed tor evaluating the charging and discharging 
mds, *Bln«l B, pma*8 a 4SC u mm %TTZuv SmM caa. coneuf. e"»y «e™no as a 
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^ Of a porous o. po.yprop.ene and '-^/^^^jf^^ fa^r ZTZT:^ 
mainly ol polypropylene. ■^'^^'^^''^''".^'^^J^'^s^^ and. at the same time, 

adapted to retain electric insulation between the counter ^^^.^^^'^^^J,^^ case to be folded inwa^l and 
seaT«ghtlythecomenteofaba«erybyM«.eo^^^^ 

fr.rnarSe".»s«r^^^ 

Tt^i irmeasured 20 mm in outside diameter and 1 .6 mm .nwa^^^^^ 

T^eworldng electrode was mancrtactured as follov«. A co^^^ JJ^ ^ ^ 

an automatic mortar to a partde diameter of not '™''1«V\" ff^^ tt,is active material, graph- 

active material for the working electrcdaA^^^^^^^^^ 

i,e as a conducting agent, and ^"^J^^^^^^'^^^S^ pelfet. 4.05 mm in diameter and 0.3 mm .n 
ing electrode agent was press molded = tonsta^ to proa^ P ^^^^^ ^^^^^^ 

thickness, and manufactureihe 6 formed of a conducting resin 

hours and used for the manufacture of thetejcelld^n^^^^ 

The test cell manufactured as descrtoed s^^T^J^^ direction of current in which the battery 

tions,0.07mA in constat current.OVintenT,rat.ngvo^e.nt^ 

reaction induces the occlusion of lithium ,ons from Ihe lK,uid J ^'^"^J'^J^eacBw induces the release of lithium 

minating voltage in the discharging (the f ^^^^"Jf ^.^^^^^^ characteristics obtained dur- 

ions from the worWng electrode into the liquKi ^^^'^^^^J^l^^^Sti^ obtained are shown in Fig. 3. The 
ing the first d the cydes are Shown in f=ig. 2 a.^ the cyde (jarade^^^^ 

t Jt c^l was also subjected to the intermittent J^^^^ bTSeS JSn lithium ions were ocduded 

the amount of Irthium x, i.e. the corrtent x ^^^^^^^^ and discharging, the open- 

and released electrochemically in the staring achve jhe (Urging was carried out for 5.5 

Circuit voltage (electrode poten«J). and the ^^^'°^^^^^;^^iZ<^ 0.i?V. whichever of the dura- 
hours at a constant currert d 0.07 mA or for a per^r^^^^^^ 

tions was shorter. The vottage rneasu-^at me en^^^^ ^ ^, ^.^ ^,„g. open- 

opened and then left standing wrthout passing an ^^^"VLZiZ kept in the ensuant state. This procedure was 
cLt voltage Eon (electrode voltage) ^^^'^^^^^^^^^ SXm. the diarging current was lowered 
repeated until the duration of one cyde °^ .'^'^'^J^^^^^ « melneS *ove was repeated. The charging 
to 0.01 5 mA and the same cyde of diargmg. '^^'''''^-^^^'^^^^^^St^ «as carried out for 5.5 hours 
was terminated when the duration ofcharg.ngd^eas^^^^^^ 

at a constant current of 0.07 '^^^^'^^"f.^'^'^r^^^^^^ T^en. the drcurt was opened and 
Shorter. The vottage En' measured at ^^^'I'^^^l Z^oi this standing, the open-circuH voNage 

then left standing without passing ^"^'^^^'""^S.S^teS^^^^^^^ This procedure was repeated until 
Eon'(electrodevdtage)wasmeasuredwrththeele«K^^te^^^^ 

the duration of one cycle of discharging '''"'^^^''''Z^^,^^ r^eated. The discharging was 

mA and the same cyde of darging. opening and ^"^^J^Z^ resistance Ri was calculated from 
terminated when the duration of discharging deaeas^ bel^^^^^^^^^ 

the formula (1) using the values of En Eonjn . U«SiO and the voltage of charg- 

rr^rsro?^^^^^^^^^ 

I c;« A anri Fin f* 



described above are shown in Fig. 4 and Pig. i>. 



45 



50 



5S 



Ri = (Eon - En)/lc or (Eon* - En^ld 



thai the «»l<lii9 elMrode « "»«»*'"f'B. iSlTtie woKno deOrod. n»dly causes 

II is dearty noMd wm Fi» 2 and Fig. 3 M "f^ "^SSS «iedlro 0 5 mUmf in a region ol potenlial 
^ a<*« nwerial is dwg«l and *clwi«d .1 • ^^I^^^^^^^^M enaned to oc*de .Mot 4 
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ohn... 1 after 4 to 5 cvdes and the charging and discharging are stabilized thereafter. It is noted from Fig. 4 and 

1.5-4.0. especially 2.0 -3.9. 
(Example 2) 

Fia 6 is a cross section of a coin type battery as one example of the nonaqueous electrolyte secondary batter 

^1 tJSnS l^fora posHive electrode fomied with a positive electrode active ^f"^''^*^;^''^*^^ 
iS2f taaZ tecrtoed hiein toOo*, and joined to the positive electrode case 1 7 wtth the ari of a posrtive electrode cd- 

rS Lent consisting of ethylene cartxx«te and diethyl cartxjnate at a volumetrK: rato of 1 . 1 . The test cell meas 
iir«j 20 mm in outside diameter and 1 .6 mm in wall thickness. 

TheZ^tJe elStro^ 13 was manufactured as tollow^ A commercially available silicon mono»de S.0 w^fr. an 
assav of S^^TputSzS in an automatic mortar to a particle diameter of not more than 44 and then sub,ert«J to 
;S^!^8Saran1ctivematerial.Anegative electrode agent 

Sl^c^utSwaaent a cross-linked acry«c acid resin as a binding agent, and a fluorine resin at a gravimetric ratio 
2 « ^ ^^S^te Sii^e SS^^ press molded under 2 tons/cm^ to produce a pellet 1 5 mm ,n diam- 

e ^anJ^D' 4 TS)3t^;t;<ress. Then, the negative electrode pellet thus obtained was attached to the negaftve 
:LSe clse11with the aid of the negative electrode collect 

Sna paste) having caibon as a conducting filler. A disc, 14 mm in diameter, punched out (rf a lithium film ofa pre 
StKlSaLhedbycomactsuperpositiontothenegativeel^^^ 

mort^to'S4led«meterofnotmaethan44,mandthensubiectedtodr^^^^^^ 

posHive ele^ode agent was obtained by mixing this active material, graphrte ""f "^^^ ^^^^^^^ 

acrylic acd resin as a binding agent, and a fluorine resin at a gravimetnc ratio 80 . 15 . 5. ^%f>^;^^^ 

agent was press molded under 2 tons/cm^ to produce a pellet, 16.2 mm .n ^'^-^^t^^^^^j^Se 

iSis pellet was dried under a decreased pressure at 100»C for 10 hours to obtain ^^'^f'^^fl., 4 5 and 5 2 

In the presertt example, five batteries A1 - A5 having molar ratios U/S, respectn/ely of 3.6, * " 
were manSd. wh^ein U stands for the amount of lithium superposed on the negative electrode and S. for the 
amount of silicon in the negative electrode active material. «uo„w.i,»ne.worf(!ritathefol- 

The batteries thus manufactured were left aging at room temperature for jf„^,'^*«^„"'*'^^ 
lowina charging and discharging test. In consequence of this aging, the lithium-negative pellet laminate e'ecfroaeas the 
nZSve S^on contact with tt,e nonaqueous liquid electrolyte, formed one Wnd of ^^^^^Z^'^^'^^' 
SSShlJn foil self-discharged, succumbed to occlusion into the SiO of the negat«/e electrode, and produced a lith- 

'""^taLl^w^'ruStocharginflanddisohargingcyd^ 

currentTs V in temiinal charging voltage or 50 houre in duration of charging, and 2.0 V in terminal disctwging voltage. 
^ircJn^ifondS^n^^^^^ 

S sS-ScuLmed in consequence of depos* on of IHhiumdendrfte ^-^f a^S'Se sZnl 

cycle are shown in TaWe 1 . The charging and discharging charactenstics of the battenes. A2 and AS. are shown in Fig. 

7 and f=ig. 8. The charging and discharging cycles were started from discharging^ 

It isLrly noted f?omTable1andFlg.7andFig.8thatthebatterie8.A1andA2. of this invention h^^^ 
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